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@» Solid state, imaging' device with electronic shutter. 

n l ... i 

(57) A solid state imaging device includes an irn- 1 -' 
age sensor having a two-dimensional matrix of 
picture elements. A first vertical scanning cir- 
cuit provides a first vertical scanning signal/ 
whDe a second vertical scanning circuit pro- 
vides second and third vertical scanning sig- 
nals. A switching circuit is coupled with 
horizon al lines of picture elements in the image 
sensor on one vertical side of the two-dimen- 
sional matrix and serves to switch either the 
first vertical scanning signal from the first verti- 
cal scanning circuit to the horizontal lines of 
picture elements* or in the alternative, the sec- 
ond and third vertical scanning signals from the 
second vertical scanning circuit thereto. When 
selected by the switching circuit, the first verti- 
cal scanning signal reads the picture elements 
in a respective horizontal line and a horizontal 
scanning circuit scans the picture elements in 
the selected horizontal line to read image sig- 
nals from these picture elements. The second 
vertical scanning signal, when selected by the 
switching circuit, serves to reset the picture 
elements of the line which has been read, while 
the third vertical scanning signal serves to reset 
the picture elements in a different selected 
horizontal line. 



r . i - 



UaiinMS/DNINNVOS 


E 
ffi 


c 
ta 






0V3H/DNINNVDS 






c 
< 






34.VD DfOCn | 









\ 



)-»■ 



a. 



Jouve, 18, rue Saint-Denis, 75001 PARIS 



BNSDOCIO: <EP 0569202A2_L> 



1 



EP 0 569 202 A2 



2 



This invention relates to solid state imaging meth- 
ods and devices,and particularly to solid state image 
pick-up devices provided with an electronic, shutter 
function, such as^MOS-type and JFET-type^ solid 
.state. image pickupdevices in, which the picture ele- 
ments in each accumulate charge representing an im- 
age ; signal. t . , r 

; "Solid state image pickup devices, such as JVIOS- 
. ..type and JFEMype image pickup devices, include an 
.* linage sensor portion, in. which, a plurality of, picture 
elements are arranged in a tw^dimensional matrix so 
... that the, picture elements.araarranggd ^oth.horizon- 
.tally andyertically. Vertically aligned ,picture eiemj|nts 
. share a common vertical signal Jine. ln operation, tyor- 
: , izontal lines of picture elements are separately select- 
. ed so that the charge accumulated I J in, each element 
of trie, selected horizontal Jine. is>ead via its corre- 
sponding vertical signal line. Typically,, the read proc- 
v ess is carried put by >? correlation , double sampling 
(CDS) in which the charge.accumulated in each pic- 
ture element is first read,; then, the element is reset, 
and finally an "empty signal" is read from the element 
to be subtracted from :r the image, signal ( read prior to 
the. -reset (termed, a. "re^ 

signal is a black, reference,, .an^^by^subtractirj^.-the 

; empty signal from the .previously read I'image.signal, 
the effect of a dark qur rent j eve] i nth e re^pectiy e.pic- 
. .ture. element is ejiminate.d;^ rr - ( , . ; . 
. ^Previously proposed,. solid state,: Imaging devices 
employ a first vertical scanning cirouit.coupledr with 

t the various horizontal. lines of the image sensor p 0r . 
. tion on a first vertical side thereof tljrough^a, plurality 
of respective drivers and .switching., transistors. The 
first vertical scanning circuit selects the horizontal 
lines in succession for ; reading.. A.,second vertical 
scanning circuit is coupled with the horizontal lines at 
a second vertical, side of the image sensor portion 
through a 'different-respective plurality of drivers and 

.. switching, transistors. Thejsecond vertical scanning 
circuit serves, both to select the horizontal line which 
has, also been selected by the first circuit for reading 
in order to reset r the picture elements of that line be- 
tween the reading of the image signal andtheempty 
signal of each. The second vertical scanning circuit 

, also applies asecond reset signaLto a. second hori- 
zontal line. spaced from the horizontal (ine -being read 
by a predeter m i ned nu m ber of 1 in es. ^Th js.second re- 

. set is.termed an "ejecb^njcshutte/^, since after each 
"of the element has been reset by the second reset 
signal, it accumulates a r charge proportional to an 
amount of light repeived thereby until, such time that 
the line thus reset,is again selected for reading. 

In the previousjy proposed solid state jmage pick- 
up .device as described above, the impedance en- 
countered during the read and reset of each horizon- 

. taf line includes the.on-resistance.ofjboth^drjyers as 
well as the on-resistance of both switching transistors 
on both sides of the line being read or reset. The rel- 
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atively high f level of impedance /thus encountered lim- 
its the speed of operation of the image pickup device 
disadvantageous^. : • ; - 
\. 7 in accordance with a first aspect of the, present 
5 . invention, a solid state, imaging device comprises an 
image sensor including a two-dimensional matrix of 
picture elements arranged horizontally and vertically 
therein to forma plurality of vertically spaced horizon- 
tal lines thereof, the two-dimensional matrix of picture 
10 elements having first and second opposed vertical 
sides; thejmage sensor further including a plurality 
Jof vertical lines each coupling- vertically disposed 
ones , of ,t he pi cture el emen ts; a first verti cal sea nn i ng 
r means for coupling with the _first vertical side of the 
15 two-dimensional matrix, of picture elements for sup- 
plying a readscanning signal to.the horizontal [lines of 
picture elements : for;, selecting the, horizontal lines 
. thereof in a predetermined order at a predetermined 
, switching speed for reading image signals, from the 
20 picture elements of the selected horizontal lines ac- 
cumulated therein;: a horizontal ^scanning means for 
. selecting, individual ones of the picture . elements in 
.,■ each* horizontal line selected by the first vertical scan- 
ning means for reading the image signals accumulat- 
25 ;i ed therein through the plurality of vertical lines; and 
a second vertical scanning jrneans for coupling with 
the first vertical side of the two-dimensional matrix of 
^picture elements for supplying first scanning signals 
, r , ( to the. horizontal lines-.of picture, elements at ..the first 
30 vertical [..side, of the.two-dimen^ional matrix of picture 
r elements for resetting t he picture .elements of the hor- 
izontal lines, selected for reading by the first vertical 
scanning means, and for .resetting the picture, ele- 
ments of selected ones of the horizontal lines spaced 
35 from the ones thereof selected by the first vertical 
scanning means in a predetermined order and at a 
switching speed substantially the same as the prede- 
termined switching rspeed of the first vertical scan- 
ning means . Si nee t h e f irs t a n d seep nd verti cal scan- 
40 - ning means are coupled with, the same vertical side 
of the two-dimensional matrix of picture elements, it 
is possible to dispense .wit h the need for drivers and 
switches on both sides of the^ matrix, thus reducing 
the impedance, encountered in reading and resetting 
45 the, picture elements. Moreover, the numbers of driv- 
ers and: associated .circuitry are thereby reduced. 

In accordance with another aspect of the present 
invention, .a solid state imaging device comprises an 
. ? image sensor including a-two-dimensional matrix of 
so picture elements arranged horizontally t and vertically 
therein.tb for ma plurality of vertically spaced horizon- 
.■^tal lines thereof, the two-dimensional matrix of picture 
t - elements haying first and second opposed vertical 
.sides; the image sensor further including a plurality 
55 ; pf, vertical lines ,each coupling vertically, disposed 
pnes : of the picture elements; a first vertical scanning 
circuit operative to provide a first vertical scanning 
signal at an output thereof; a second vertical scan- 
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' ning eircuitoperative to provide second and third vert- 
ical scanning signals at respective outputs thereof; a 
switching circuit coupled with the horizontal lines of 
picture elements at the first vertical* side of the two- 
dimensional niatrix'and with' the outputs of the first 
and second vertical scanning circuits, the switching 
circuit being operative to supply the first vertical scan- 
ning* signal to the horizontal lines 'at 'the first vertical 
side during predetermined read periods to select first 
ones of the horizontal lines during respective ones of 
the predetermined read periods tor reading the pic- 
ture elements therein; and a horizontal scanning cir- 
cuit operative toprovide'a horlzontarsdanning signal 
at a plurality of outputs ther&df'each coupled* with a 
respective one of the vertical lines to successively se- 
lect picture elements in eadhof f he* selected : f i'rst ones 
of the : horizontal I iries to read an ! image i 'Signal- pro- 

; duced thereby; the-switchrng circuit being further op- 
erative to supply the second vertical scanning signal 
to the selected first ones of the horizontal lines at the 
first vertidal side of the two-dimensional rrtatrix during 
a reset period to reset the* picture elements therein, 
and4o j supply t the third vertical scanning signal at the 

- first-vertical side to second Selected ones' df the hor- 
izontal lines spaced from the* selected* irstones of the 

^horizontal lines to reset the picture elements in the 
secxSndselected'chesbf the horizontal lines. 1 Since 

' t h e f irst, se co nd a n d t h ird -verti caf sea rin i ng * sig rial s 
are suppfied by the switching circuit to the same vert- 
ical side of the "matrix, •Hf'1s > o'ned i : agaih possible' to 
avoid the heeTd forttrivers arid associated circuitry on 
both sides of trleJmatrix, 1 thus to iricreaSe the space 
available for picture elements. In additioriv'the Irrrpe- 
dance encountered in reading and resetting the hori- 
zontal lines is advantageously reduced. - v * "" 

In accordance with- a further aspect of the pres- 
ent invention, ai method of reading and resetting a sol- 
id state 1 imaging device including an image serfsor 
having a two-dimensional matrix of picture "elements 
arranged' horizontally and vertically therein to form a 
plurality of vertically spaced horizontal lines thereof, 
the two-dimensitinaf matrix of picture elements hav- 
ing first and second-opposed vertical sides, the im- 
age sensor further "including' a plurality of vertical 
lines each coupling vertically disposed ones- of the 
picture elements, comprises the ste"ps of: supplying a 
read scanning signal to the horizontal lines of picture 
elements through the first vertical side of the two-di- 
mensional matrix of picture elements for selecting the 
horizontal lines thereof in a predetermined order at a 
predetermined switching speed for reading image sig- 
nals from the picture elements of the selected hori- 
zontal lines accumulated- therein; selecting- individual 
ones of the picture elements in each horizontal line 
selected for reading the image signals accumulated 
therein through the plurality of vertical lines; supply- 
ing first reset scanning signals to the horizontal lines 
of picture elements selected for reading through the 



first vertical side of the two-dimensional matrix of pic- 
ture elements for resetting the picture elements 
thereof; and supplying second reset scanning signals 
5 through the first vertical side to the picture elements 
of selected ones of the horizontal lines spaced from 
the ones thereof selected for reading, in a predeter- 
mined order and at a switching speed substantially 
the same as the' predetermined switching speed at 
10 which "the horizontal lines 'are selected for reading. 
Since trie scanning 'signals are applied through a 
cbmrrtoh side of the matrix of picture elements, it is 
" possible^to fedube the impedance then encountered 
as Tclimpar^ it is 

15 I ike "wise epos's i bfe to implement the friethodiif the 
-present' invention with trie use df fewer drivers and as- 
sociated ^circuitry; tnus% per rn it *an increase in the 
^number of picture elements employed iri the image 
sensor portion \- lA - ^ - 

20 ' Preferred embbdiments of the present invention 
overcome the shortcorhkigs and disadvantages of 
-previously proposed solid state' image" pickup devic- 
es. 3 --'-' / ; * ■ ' ■ y " " "■ " ■ 

\v\ "em bod imehts df the present invention the 
25 number of drivers arTd-assoclated circuitry necessary 
fbrscaiYriiri^a'^ is reduced. 

• : * 8 Als6;^itibddimerits ofthe present in vention'a'llow 
"■- an - irincxiease ih the number df picture elements" which 
may be fabricated on a sirig \§'su bstrate of a so] id s" tate 
30 - 1 ima^i rig" 1 device"; - tnus : iiTfprovirig t He image resolution 
' that rh'aV'be achieved? " ■ 
" - ' Furt heir, i ri embodimerrts of t he present invention 
the irhpetfahbeVn countered in scanning a solid state 
" Imaging device reduced, thus* improving its speed 
35 br^operatibri. "---^ J -' , >\ r " ^ 

°Asused herein, expressions such as "downward- 
ly V^upwardly* "upper", "lower", "above", "below", 
•"hbrizdritaParfd "verticar.whefi referring to elements 

- of the v devices and methods 1 disclosed and/or claimed 
40 '■ herein ar"e used in this application' to express relative 

positrons and clirections, Pat her than positions and di- 
rectibns wit h respect to a-fixed reference. It is intend- 
ed**that these- terms should "be broadly construed. 

- Their use herein is for convenience and to promote a 
45 ; cleaY uha^rstan^ 

* f * An elrnbodlrnerit of' the invehtibn will now be de- 
scribed, by way r 6f exarnpfe, with reference to the ac- 
companying drawings in which: : J ' ' 
: * ; T'tgt 1 provides a 1 diagrarrimalic view of an image 
so sensor 1 portion 6f a solid state irnaging device to- 

gether with associated vertical scanning circuitry 
In 1 block : diagram format; in accordance 1 with an 
%mbod irrie ri f of *t Ke prese nt iri ve ntion ; - 
Fig . r 2 is a partially ^schematic and partially block 
55 c * * diagram' illustrate employed in the em- 

- * bodirneritbf Fig. 1 to read image signals accumu- 
- lafed iri^ he picture elements of t he image sensor 
1 ' portion thereof; G 

F\g. 3 is a time -chart illustrating horizontal scan- 

3 
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ning signals produced for reading the picture ele- 
ments of a respective horizontal line of the image 
sensor portion iq succession;„and . - 

Fig. 4 is^.a time chart for use in explaining the op- 
eration of the vertical acanning : functions^carried 
out in both reading and resetting the picture ele- 
ments of t he imag e se n spr portio n of t he embod i- 
ment of Fig. 1. ^ y . r< 

Referringnow to. the drawings and presently to 
r. - Fig. 1 thereof, the image senspr : pqrtion 2 of a solid 
s.tate imaging^device in-acpordance with.an^adyanta- 
geous embodiment of the present inyentipa includes 
, a plurality ; of picture elements jpixels) 1 whichjindivid- 
u ally-combipevt he functions ; of„a photosensor and an 
^ , M.05 or JFET transistor. - Ricture elements 1 3 are illu- 
J r strated symbolically in Fig, i as a plurality of vertically 
. and horizontally distributed, circles for simplicity and 
,, clarity. More particularly, the pixels 1 .are disposed in 
;> . vertical columns or lines and horizontal rows or lines 
. such that the picture.eiements 1 of each column are 
coupled by a common respective vertical signajjine 
7, arid the picture elements 1 of each, horizontal line 
orrow of the matrix are.arranged iaa pl^urality pf.hor- 
Jzoiital lines illustrated by rsgresenjativ e p"nes thereof 

- " / A f irst ver ti cal sea nn i ng circu it 3 produces, a read 
scanning signal which i ; s'eryes to select' e.ach'pf the 
" horizontal lines'pf picture i el^emehts^duririg a 
' s ponding horizontal line" period o{ a ^ video signal in a : 

predetermined order for reading [ the picture 'elements 
r 1 of each selected line. A second vertical scanning cir- 

: cuit 4 produces a paif OT r ®sel s ^r.P in 9l s '9P a ^ f 9? use 
in resetting the picture elements of selected [ pairs of 
horizontal lines pursuant fp correlation ^double sanv 
plihg as well as to carry out an electronic shutter func- 
tion. More particularly, the first of the pair of reset 
scan n ing signals produced "by the second vertical 
scanning circuit 4 serves to reset the picture elements 
i n a set ected horizontal fine spaced by a predeter- , 
mined number of lines from a horizontal line selected 
for reading during the same horizontal line period by 
the circuit 3, During the same line period and after the 
selected'line is thus read, it is reset by the second of 
the pair of reset scanning signals from circuit 4, and .-, 
" then read again to read an empty "signal from each 
picture element thereof.' thus to carry out reading of 
the picture elements by correlation double sampling. 

The picture elements 1 ofthe Fig. 1 e'mbodiment 
produce respective image signals by accumulating a , 
charge representing an amount of light received 
thereby. When reset, each of the picture elefhents 1 
loses its accumulated charge, the second vertical 
scanning circuit 4 acts as ah electronic* shutter* by re- 
setting the pictjre elements of each line in succession, 
by means of the f irstof the pa ir of reset scanning sig- 
nals a predetermined number of lines (and tMs a pre- 
determined time period) befqre, the picture elements 
thereof are read/During the predetermined time per- 



iod, the picture elements each accumulate a charge 
proportional to the, amount of light received thereby 
after reset by the first reset scanning signal and up to 
5 . the, time they are. read. . . 

..The first and second vertical scanning circuits 3 
.and 4 comprise respective shift registers. The shift 
register, included in the first vertical scanning circuit 
3 is supplied with a start pulse <|>y in , while the shift 
10 register included in the second vertical scanning cir- 
cuit 4 is supplied with start pulses ^Reset-in, thus to 
initiate the scanning signals when the respective start 
pulses are docked [into the.shiftregisters. Each of the 
shift registers is ; su ppl ied wit h the same. shift clock 
15 pulse ()>\/SR forshifting the scanning .signals 

through. Accordingly, T the signals are shifted at the 
same rate through the.two.shift.registe 

the shift register of the vertical scanning ^circuit 
.3 includes a plurality of outputs A 1t A2 n -» A n , each 
20 corresponding with one of the successiveiyjarranged 
-stages of the shift register and, a i ike-numbered, one 
. , of t he horizontal lines A single shift pulse is- clpcked 
through the shift register of circuit 3, such that only 
one of t he outputs (designated A^ln ff.ig. 1) Js.at a n 1" 
25 state at any given time, the remainder being at a "0" 
'state. Only output An is illustrated in Fig. \ for simpli- 
. . city and clarity., . . ... v ■■ • ■ ; 

The t shift register of .circuit 4 includes a plurality 
• of outputs B <t , : B2 r ... v B m /.^, Bn, : . v , ; each . correspond- 
30 ,ing with one of the successively arranged stages of 
the shif tregister, and a ; like-numbered one of the ,hor- 
izontal lines. Two separate shift pulses are clocked 
.through the shift register of circuit 4, a first shift pulse 
constituting the first ofthe pair of reset scanning sig- 
35 ~ nals and the second, constituting the~second of, the 
, pair. Consequently, first and.second ones of the out- 
■ puts B m and B n of the shif t register are at a t state at 
: any given time, the remainder being at a 0 state. Only 
outputs B m . and B n of circuit 4 are illustrated , in Fig. 1 
40 for simplicity and clarity. , 

. Each of tbe outputs Ai, A 2 , .... An, of the first 

, . vertical scanning circuit 3 is connected with a respec- 
tive one of a first set of inputs of a logic gate 5, while 

.... each of the .outputs B A , B 2 , B n , B mt ... is con- 

45 nected with a respective one of a second set of inputs 
. of the logic gate 5. The logic gate 5 has a plurality of 
outputs each pf which corresponds wit h a respective 
one of the hqrizontal jines.of the two-dimensional ma- 
trix of picture elements and is coupled therewith 
so through a driver 6. The logic gate 5 is operative to cou- 
pie either the respective outputs of the first scanning 
circuit 3 or the respective outputs of the second scan- 
ning circuit 4 with the I ike- numbered ones of the hor- 
izontal lines of the image portion 2. The logic gate 5 
55 .... has a cpntroJ.input at which it receives a switching sig- 
nal <|>R and is responsive to a low level of the signal 
<t>R tp appiy the outputs A 1f A 2 ,>.. An, to the respec- 
tive horizontal lines through the drivers 6, and to a 
high level ofthe switching signal <|>R to couple the out- 
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puts B 1t B 2 /~"., ; B^, B n rL, to the horizontal lines 
through the respective drivers 6: Since the first and 
second reset scanning signals supplied at the outputs 
B m and B n are applied to their respective! ines simul- 
taneously, the reset operation carried out during cor- 
relation doubfe sampling effected by the 'scanning 
signal supplied at the output B n occurs at the same 
time as the electronic shutter reset effected by the 

" scanning signal supplied at the output B m ; 

Referring now to' Fig: 2, image signal read circui- 
try of the Fig: 1 embodiment for reading the image 
signals accumulated in picture elements' 1 by corre- 
lation "double sampling, is illustrated therein. Each of 
the vertical signal lines 7 is connected through a low-^ 

1 er horizontal side of the 'image portion 2 to a node N1 
of a respective one of a plurality of read circuits, a rep- 
resentative "one ' of which is described hereinafter. 

The node N1 of the representative read circuit is 
connected to a first' terminal of the source-drain cir- 
cuit "of an n-channel transistor QVtrie second termi- 
nal of the -source-drain circuit of transistor Q1 being 
coupled with a power source voltage V DD . Node N1 is 
also connected with a first 'terminal of the source- 
drain circuit of a ^'channel transistor Q2 t the second 

1 terminal of its source-drain circuit being coupled to 
ground. Transistor Q1 serves as a gate for the output 
"of the respective vertical signal line 7 under the con- 
trol of a sigHal <(>S supplied : to its-gate. Transistor Q2 
serves as a load for the respective signal -line 7 and 
receives an appropriate biasing voltage Vq&i at its 

'gate.'"' - - ; — - 

1 - A noise removal capacitor C c has a first terminal 
connected to node'Nf and a second terminal con- 
nected to a node N2 and serves to accumulate a sig- J 
nal output from* theTespective signal line 7 under the 

, control of gate transistor Q1. The first terminal of the 
source-drain circuit of an MOS transistor Q 3 is con- 
nected to node N2, the seoond terminal of the source- 
drain circuit being coupled to receive a clamp voltage 
v d P - The gate of transistor Q3 is provided with a clamp 
pulse <(>cip which turns' on transistor Q3 to clamp the 
node N2 to V dp : such that noise/such as reset noise, 
is suppressed in the image signal read through cor- 
relation i double sampling.- ' - : ' i : 

- Node N2 is also connected with t he input of a buf- 
fer ,8 which serves to-couplethe image signal selec- 
tively to the first terminal of one of a pair of capacitors 
C1 and C2 -through the source-drain circuit of a re- 
spective one of a>air of MOS switching transistors Q4 
and Q5. The second terminal of each of capacitors C1 
and C2 is coupled with ground. Each of the capacitors 
C1 and C2 toget heir with its respective switching tran- 
sistor Q4 and Q5 forms -a sample and hold'circuit for 
an image signal read from the corresponding picture 
element of a selected horizontal line. Control of each 
of switching transistors Q4 and Q5 is exercised by a 
respective one of a pair of sample and hold signals 
SH1 and SH2 supplied to the gate thereof. During 



successive horizontal periods; an alternate one of the 
transistors Q4 and Q5 is turned On during the horizon- 
tal blanking interval by a respective signal SH1 and 
5 SH2, so that' capacitor C1 serves to accumulate and 
hold image signals of even numbered ones of the hor- 
izontal lines while capacitor G2 serves to accumulate 
and" hold image "signals* of odd numbered ones of the 
horizontal lines. ' - V" ' 

10 ' Trie first terminal of capacitor C2 i£ cbupled with 
a first terminal of the sdurce^drklh circuit of an MOS 
*transistord7, while "the first terminal of capacitor C1 
is cbrinebted witfr thetfirst terminal the source^rain 
*- '"circuit of further MOS r trahsist6r Q61 : The second ter- 
1 5 minal of the source-fl rain circuit of each of "trans istors 
' Q6"ahd Q? is 3 conHeeted in common to. the gate of a 
. further MOS trahsistbr-:Q9* A first terminal of the 
^ source-drain circuit of transistor Q9 is coupled with 
voltage sdurce VfeWhile the second terminal thereof 
20 is coupled wftfrdhe of a pair of horizontal sighal lines 
9^' and 9_ 2 .€ach oft h^ horizontal signal lines 9^ and 
" vf 9_2 is bobp1ecl v with Alternate 'ones of the plurality of 
read circuits through the source-drain circuits of re- 
: spectfvie transistors G^/ahd is also coupled With a 
25 first Wminfcf^ of a respec- 

tive MOS load transistor Q10.! and Q10_ 2 . Th'*?sec- 
^bricf terminal of the soiircePdrain circuit of each of 
transistors ;QT0_.f and Cf10_ 2 is coupled to ground, 
while the "gate terminals thereof are both coupled 
wjt h a . source of a bias i ng vpltag e V G G2- *^ a P n . of t he 
pLuraNfy of read' circuits also includes an MO$ ' reset 
transistor Q^^ of ite source^drain 

'circuit cpnnjecte^ gate of transistor Q9and a 

seqpnd ter mi n eft t hereof co u pi ed to grdu rid . ^ 
35 " / A horizontal scanning circuit 10 has a plurality of 
outputs each of which' is coupled with the gates of the 
transistors Q6 and Q7 of each of a first pair of adja- 
cent ones of the pluralityof read circuits, as well as 
to the gates of transistors Q6 of each of an adjacent, 
40 second^ pair of t he plurality of read circuits situated to 
.the left of the first pair as depicted in Fig. 2. For pur- 
poses of simplicity and clarity only two successive 
. ^pnes of the outputs <|>K and >K+1 of the horizontal 
scanning circuit 10 are illustrated in Fig. 2. With ref- 
45 ~ ere nee also to Fig. 3, the horizontal scanning circuit 
10 a pplieV a scanning pulse successively to its out- 
puts proceeding from left to right as depicted in Fig. 
; 2 duri ng ea ch honzo rital" scan'hj h'g period . Accord i ng- 
ly, as illustrated in Fig. 3, the scanning pulse will be 
50 ' applied to the output $K;bf the circuit 10 iat a prede- 
* ter'mined time during "each horizontal scanning peri- 
od, so "that the transistors Q6 and Q7 of a respective 
pair of the plurality of read circuits coupled with the 
output ft> K wfl I t hen be tu r ned on in orde r to outpu 1 1 he 
55 ~ image signal accumulated either on capacitor CI or 
capacitor C2 of each of the pair of read circuits for that 
"liner ^The image signal thus read out is applied to the 
gate^of transistor Q9*acti ng as a source'follower to ap- 
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ply the image signal ( in turn to a respective one of the 
horizontal lines 9_ n and 9_ 2 . At the same time, the tran- 

\ sistors Q8 of the immediately preceding pair of read 
circuits is turned on by.the. pulse applied to output <|)K r 

" thus to switch off the transistors Q9 of the preceding 
pair of read circuits. ^ 
Thereafter, output <|>K is brought low while output 
d>Kt 1 goes high as the, scanning pulse is applied 
thereto.. Consequently, the next succeeding pair of 
rea d circu its .is cause d to output the stored jmag e sig- 

, . ,nais to thehorizontal signal lines^.and 9_2,,while the 
transistors Q8 of the pair of read circuits. from which 

. ■ • , the jmage signals were read by trie pujse previously 

. applied to tfre output $K are turned .on by the subse- ; 

; , ; quent pulse on ithe. output <j>K+1 thus- to turn off the 
transistors^ Q9 thereof.- v ; ( ,v ; . p 

With reference r now.tp Fig; } 4, both the. t correlation 
double sampling read function and ? the ^electronic 
shutter function carried put by tr^e embodiment of . 
Rigs. 1 and 2 are explained in, connection therewith. 
Essentially, the solid -state Jmage^pickup ^device of 
Figs. 1 and 3 reads the n th horizontal line by means 
of the read scanning signal and afirst one of the reset 
s ca n n in g s ig nal s produced by t h§ ; f irst* and .second 
yerticaLscanning circuits, 3 and 4,,respectiyejy, during 
; ; an nf!\. horizontal scanning period,, and during the 
same horizontal scanning period resets the$m th hori- 
zontal line by means of the second reset scanning sig- 
nal produced j by .the, second -vertical :sranning circuit 
4 to carry : put t he electronic shutter fun ctiprj- During 

, the next: subsequent horizontal lineperiod^t he n+ 1 th 

. horizontal, lirjie is ad, in the. same manner $s the n th 

; - Jine, while trje m+>1 th horizontal \ ine is-reset pursuant 
to the electronic shutter function in the same manner ; 
as the m th horizontal line was reset during the preced- 
ing horizontal I ine period. r. . - : ^ 

More specif ically, and with reference to Fig. 4, a 
first horizontal line period is spanned * by .time seg- 
ments tl through t4. The horizontal, blanking: period of >„ 
the first horizontal line^period^occtirs during the time 
segment tl at which time ; t he read, and reset scanning 

... signals are shifted by ; the . circu its.:4 ; arid 5 for reading 
the n th horizontal line andresetting.the, mty horizontal 
line, will be seen t hat during -the ,subseq uent time * 
segment^, the reset pulse $R is ^t a lowjevet; so that 
the outputs of the first vertical scanning circuit 3 are 
, applied by thfrlc^icgate-JS;^ 
. read scanning^gnaV-j^,, ^applied Jhcough; axespec- 
tive driver 6-to thejf h hprizpnta! line during the time , 
segment X.2-, : r ~ ■ *• -v f;. r .<t . ■ m ~ i 
. Consequently,: the image signals in all of the- picture 
elements 1 in the n th horizqnialjtne are each read to 
the respective vertical signal line 7 to be stored in the 
appropriate one of the capaqitors-GI and. C£of t here- 
spectiye read circuit..; ; > 

During the following time segment t 3 ,:the inputs 
to the buffers 8 are clamped by virtue of the clamp 



10 

. pulse <J>c, p and the reset pulse <t>R,is brought to a high 
level so that the outputs of the second vertical scan- 
ning circuit 4 .are. selected by t he logic gate to be cou- 
5 . ple,d„ to. the .drivers 6. Consequently, at.that time the 
firsthand second reset scanning signals B m and B n are 
supplied through the drivers 6 to the m th and n th hor- 
izontal lines, respectively, to reset the picture ele- 
ments therein. It should be noted that the same voi- 
re tage level is selected for the first and second reset 
scanning signals B m and B n which is selected at a lev- 
el higher than the leyei of thereac* scanning signal A„ 
, in ord erjto ef f e ct a reset of t he p i ctu re el ements i n t he 
selected bprizontal lines. The^second reset scanning 
15 signal B n applied to tfie n^ horizontal line resets all of 
the picture, elements 1 therein in order to permit the 
., pictu re elements ..in, the n th horizontal line to be read 
- subsequently during time segments jn.order to read 
. empiy signals thereof representing Clark current lev- 
20 e Is of t h e respective el errten ts , pu rs uapt jp t he ,cor re- 
lation double, sampling, read technique. The reset of 
the pictureLelements i in the.m^ horizontal line during 
the segment t 3 carries out the ( electronic shutter func- 
tion so that the picture elements of this line will sub- 
25 sequently accumulate charge, in proportion to the 
.amount of light received thereby between reset and 
subsequent reading thereof. It will be seen, therefore, 
that the electronic shutter reset of the m th horizontal 
line occurs simultaneously, with the read reset of the 
30 n*^ horizontal line. ... ^ .: 

As noted above, during the segment U, the empty 
r signals of the picture elements in the n^ line are read. 
Accordingly, the pulse <j>R is returned to a low level for 
the segment t+Xp again couple the outputs of the first 
35 : vertical scanning circuit 3 througii the drivers 6 to the 
horizontal lines, so that the level pf the read scanning 
signal A„ is then applied to the n th horizontal line in or- 
der to read the empty signals in the picture elements 
thereof which have been reset as described above. 
u 40 As seen in Fig. 4, at the beginning of the next hor- 

izontal line period, the shift clock <|>VSR is brought 
r high. to shift the read and reset scanning signals with- 
in the f irst and second vertical scanning circuits 3 and 
4, so that the read scanning pulse is shifted from line 
45 ~ A^to line A„+ t and the first and second reset scanning 
signals are shifted to lines B m+1 and B^, respectively. 
During- time segments t^ through the picture ele- 
, ments in the n+1 th Jiorizontal line are read by corre- 
lation double sampling, while the, picture elements in 
.50 the m+1 th rhprizpntal line are reset pursuant to the 
electronic shutter function, in the same manner as de- 
scribed above in connection with the n th and m th hor- 
izontal lines. - 

, It will be seen from the foregoing that the elec- 
.55 tronicsjiutter period is^ftjnetion of the number of hor- 
izontal lines betweeh t the n th and m th horizontal lines. 
In : the illustration of Fig. 1, for example, the number 
of -horizontal lines intervening between the m th line 
which is reset and the n th line which is read is equal 

- 6 
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to (a+b),'so that '"the fewer the number of horizontal 
lines which thus ; intervene/ the shorter will be the 
shutter period. The number (a+b) may be selected as 
any number which provides a sufficiently long Shutter 
period, provided that the lines n and m do hot coin- 
cide. 

It will be seen from the foregoing that, since the 
first and second vertical scanning circuits 3 arid 4 are 
coupled to the same side of the two-dimensional ma- 
trix of picture elements, only one set of drivers 6 is re- 
quired, thus to reduce trie impedance encountered in 
reading arid resetting i the iiriesTof picture elements. 
Accordingly, ah improved s^'eed of operation' may be 
achieved. By reducing the circuitry required fornread- 
ing and resetting the image sensor portion of the de- 
vice, it is thus possible to provide a'dditionarspace' for 
the image sensor portion where the circuits df Fig. 1 
are fabricated on a signal substrate, thus to increase 
the number of picture elements which may be fabri- 
cated thereon, and consequently improve the resolu- 
tion of the image signal which can be produced. 

Since the second vertical scanning" circuits out- 
puts both of trie first and* second reset scanning sig- 
nals, the reset function carried out pursuant to the 
correlation double sampling read technique arid the 
electronic shutter reset can be carried outattHe saVne 
time! - ■ ..... 

Although a specif ic^embodim eht of the invention 
has been described in detail here in' wit If reference to 
the accompanying drawings, It' is to be" understood 
that the invention is hot limited- ! to the disclosed em- 
bodiment, and that various changes a;nd modifica- 
tions may be effected therein by one skilled in the art 
without departing from the scope of the invention as 
defined in the appended claims. '* 

Claims' - 

1. A solid state imaging device, comprising: 

- T an image sensor including a two-dimen- 
sional matrix of 'picture elements arranged hori- 
zontally and vertically therein to form a plurality 
of vertically spaced horizontal lines'* thereof, the 
two-dimensional matrix of picture elements hav- 
- ing first and second opposed vertical sides; 

the image sensor further including a plur- 
ality of vertical lines each cou pi i rig'' vertically dis- 
posed ones of the picture elements; 

a first vertical scanning -means for-'cou- 
pling with the first vertical side of the two-dimen- 
sional matrix of picture elements for 'supplying a 
read scanning signal to the horizontal lines of pic- 
ture elements for selecting the horizontal lines 
thereof in a predetermined order at a predeter- 
mined switching speed for reading image signals 
from the picture elements of the selected horizon- 
tal lines accumulated therein; 
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a' horizontal scanning means for selecting 
individual ones of the picture elements in each 
: * horizontal line selected by the first vertical scan- 
5 ' ning means for reading the image signals accu- 
- r V mulated therein through the plurality of vertical 
lines; and 

a -second vertical scanning means for cou- 
pling with the first vertical side of the two-dimen- 
10 sionar" matrix of picture - elements for supplying 

Yirsf'scahnihg ; signals to "the horizontal lines of 
: picture element^ at the first vertical side of the 
*-" rt tJ : twd-dimehsfdrvai matrix of picture -elements for re- 
: 1 , i7 ^erti^ of the horizontal 

15 : lines s'effected : ^fbp readingr j by the first" vertical 
' v,i ' scan ri in ignmearis, ahd : for>esettTrig!he picture ele- 
ments of selected ones- bf fhe horizontal lines 
spaced from the ones thereof selected by the 
" -first verfical scanning rrieans in a 1 predetermined 
1 20 "order and 'at a switching Speed substantially the 
same aVthe predetermined' switching speed of 

• *■ the-f first verfical'sdahnirig means. * - 

- 2. " A solid state imaging devrce 1 according to clairri 1 , 

* 25 wn ere ir? th%-fmage sensor? thfe F Tfrs*t arid' second 

r :.ib v ;^f t| ca f scan ning- means « rid the : horizontal scan- 
^ ' " frin g l rri eans? are" fa bricated oh * a- cbrhrrib n'su b- 
• ^ ^strate^^^ 1 w**><\ Z n '^'S ' ' ^ ^ " ' - 

30 1 — SI" 1 A' sol rd state 1 imafgi ng device according ta claim 1, 
cr.« i *? where'ri the r fifst and' second vertical scanning 

• 1 -means areoperative to select the Horizontal lines 

' ; 1 for reading and resettihgf respectively/ in accor- 
dance witrva correlation double sampling techni- 
35 "'que:^- :J ' - -* - ■ ir . 

4. A solid state imaging device according to claim 1 , 
/wherein the- second Vertical scanning means is 
s • - operative to reset the picture elements of the se- 

* 40 lected ones of the horizontal lines spaced from 

the ones' thereof selected by -the first vertical 
scanning means such that the second vertical 
- 1 1 •> scanhincfmeans permits each of the picture ele- 
'* merits to accumulate a respective image signal 
45 forra predetermined period prior to reading there- 

of to carryout ah electronic shutter operation. 

i 5. A solid 'state-'imaging device according to claim 1, 
^further comprisingswitching means for selective- 
50 ' ly coupling one* "of the first and second vertical 
scanning means with the horizontal lines of pic- 
ture elements fdf selectively reading and reset- 
.v => tihg-t he picture^ 'elements thereof. 
!. I c r . - ' • ' * v : * • 1 " >■ 
55 6. A solid state* imaging device according to claim 5, 
wherein the switching means comprises a logic 
: -* ' gate. >' " * - 

7. A solid state imaging device according to claim 1 , 
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wherein the second vertical scanning means is 
operative to simultaneously select pairs of hori- 
zontal lines for resetting the picture elements 
thereof, the horizontal lines of each selected pair 5 ',, 
being spaced apart by a predetermined number - 
of lines selected to establish a predetermined 
electronic shutter period for the picture elements 
of the image sensor. 

. 10 

8. A solid state imaging device, comprising: 

an image sensor including a two-dimen- 
sional matrix of picture elements arranged hori- 
zontally and vertically therein to form a plurality 
of vertically spaced horizontal lines thereof, the.. 15 
two-dimensional matrix of picture elements hav- 
ing first and second opposed vertical sides; 

the image sensor further including a plur- 
ality of vertical lines each coupling vertically dis- 
posed ones of the picture elements; 20 

a first vertical scanning circuit operative to 
provide a first vertical scanning signal at an out- 
put thereof; 

a second vertical scanning circuit opera- 
tive to provide second and third vertical scanning 25 
signals at respective outputs thereof; 

a switching circuit coupled with the hori- 
zontal lines of picture elements at the first vertical 
side of the two-dimensional matrix and with the 
outputs of the first and second vertical scanning 30 
circuits, the switching circuit being operative to 
supply the first vertical scanning signal to the 
horizontal lines at the first vertical side during 
predetermined read periods to select first ones of 
the horizontal lines during respective ones of the 35 
predetermined read periods for reading the pic- 
ture elements therein; and 

a horizontal scanning circuit operative to 
provide a horizontal scanning signal at a plurality 
of outputs thereof each coupled with a respective . 40 
one of the vertical lines to successively select 
picture elements in each of the selected first ones 
of the horizontal lines to read an image signal pro- 
duced thereby; 

the switching circuit being further opera- ^ 45 
tive to supply the second vertical scanning signal 
to the selected first ones of the horizontal lines at 
the first vertical side of the two-dimensional ma- 
trix during a reset period to reset the picture ele- 
ments therein, and to supply the third vertical so 
scanning signal at the first vertical side to second 
selected ones of the horizontal lines spaced from 
the selected first ones of the horizontal lines to 
reset the picture elements in the second selected 
ones of the horizontal lines. . . 55 

9. A solid state imaging device according to claim 8, 
wherein the switching circuit comprises a logic 
gate. 



10. A solid state imaging device according to claim 9, 
. further comprising a plurality of, storage devices 

for each, storing the image signals read through 
" respective ones of the plurality of vertical lines. 

11. A solid state imaging device according to claim 
1 0, wherein each of the plurality of storage devic- 
es comprises a capacitor for storing a charge rep- 
resenting the image signal read from a corre- 
sponding picture element. 

12. A solid state imaging device according to claim 8, 
wherein the switching circuit is operative to sup- 
ply the first and second vertical scanning signals 
to the selected first ones of the horizontal lines to 
read and reset the picture elements therein in ac- 
cordance with a correlation double sampling 
technique. 

13. A solid state imaging device according to claim 8, 
wherein the switching circuit is operative to sup- 
ply the second and third vertical scanning signals 
simultaneously to selected pairs of horizontal 
lines, the lines of each pair being spaced apart by 
a predetermined number of lines selected to es- 
tablish a predetermined electronic shutter period 
for the picture elements of the image sensor. 

14. A method of reading and resetting a solid state 
imaging device including an image sensor having 
a two-dimensional matrix of picture elements ar- 
ranged horizontally and vertically therein to form 
a plurality of vertically spaced horizontal lines 
thereof, the two-dimensional matrix of picture 
elements having first and second opposed verti- 
cal sides, the image sensor further including a 
plurality of vertical lines each coupling vertically 
disposed ones of the picture elements, compris- 
ing the steps of: 

supplying a read scanning signal to the 
horizontal lines of picture elements through the 
first vertical side of the two-dimensional matrix of 
picture elements for selecting the horizontal lines 
thereof in a predetermined order at a predeter- 
mined switching speed for reading image signals 
from the picture elements of the selected horizon- 
tal lines accumulated therein; 

selecting individual ones of the picture ele- 
ments in each horizontal line selected for reading 
the image signals accumulated therein through 
the plurality of vertical lines; 

supplying first reset scanning signals to 
the horizontal lines of picture elements selected 
for reading through the first vertical side of the 
two-dimensional matrix of picture elements for re- 
setting the picture elements thereof; and 

supplying second reset scanning signals 
through the first vertical side to the picture ele- 
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merits of Selected ones of the horizontal lines /■ 
spaced from the ones thereof selected for read- 
ing, in a predetermined order and at a switching 

speed substantially the sarne as the predeter- 5 " • 
mined switching speed at which the horizontal " ' L 
lines are selected for reading. 
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i A solid state imaging device includes an im- 
age sensor having a two-dimensional matrix of 
picture elements. A first vertical scanning cir- 
cuit provides a first vertical scanning signal, 
while a second vertical scanning circuit pro- 
vides second and third vertical scanning sig- 
nals. A .switching circuit is coupled -with 
horizonal Ones of picture elements in the image 
sensor on one vertical side of 'the two^dknen- 
stonal matrix and . serves to switch either the 
first vertical scanning signal from the first verti- 
cal scanning rircuft to the horizontal lines of 
picture elements;- or in the alternative, the sec- 
ond and third vertical scanning signals from the 
second vertical scanning drcuT'trk^relo. When_ 
selected by the swftching cartxift, the fast verti- 
cal scanning signal reads the picture elements 
in a respective -horizontal' line and a horizontal 
scanning cscuit scans the pictue elements in 
the selected horizontal line to read, image sig- 
nals from these picture elements, the second 
vartical scanning signal, whan selected by the 
swtehing drcuft, serves to reset the picture 
elements of the line which has been read, whBe 
the third vertical scanning agria! serves to reset 
the picture elements in a different selected 
horizontal line. 
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